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This report compares the hFgh w t ~ c l s  recorded a t  Cape Kennedy, 

September 23 - 25, 1963, w i th  t h e  p rev ious ly  computed 95, 99, and 99.9. 
p e r c e n t i l e  wind speeds used f o r  design cr i ter ia  a t  Cape Kennedy and 
v i c i n i t y .  Methods used i n  computing t h e  wind speeds a t  Cape Kennedy 
are explained.  Data are presented f o r  t h e  l eng th  of time t h a t  t h e s e  
p e r c e n t i l e  wind va lues  w e r e  exceeded. A comparison of t h e  cons t an t s  
desc r ib ing  t h e  wind speed p r o f i l e s  f o r  d i f f e r e n t  wind speeds and a 
comparison of  g u s t  f a c t o r s  are a l s o  presented .  Some of  t h e  computed 
cons t an t s  which b e s t  desc r ibe  t h e  c h a r a c t e r i s t i c s  of h igh  s u r f a c e  winds 
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spectrum of wind speeds. 
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TECHNICAL MEMORAXDUM X-53027 

CAPE KENNEDY LOW LEVEL W I N D  STUDY 
FOR 

SEPTEMBER 23 - 2 5 ,  1963 

SUMMARY 

The d u r a t i o n  of t i m e  t h a t  the  wind speeds a t  Cape Kennedy between 
16002, September 23, 1963, t o  22002, September 25, 1963, exceeded t h e  
Marshal l  Space F l i g h t  Center design peak wind speeds f o r  t h e  95, 99, and 
99.9 p e r c e n t i l e s  i s  t a b u l a t e d  f o r  each of the  t h r e e  anemometer l e v e l s  
(19.5, 58.5, and 96.3 meters) .  It i s  shown t h a t  t h e  wind speed measured 
a t  t h e  lowest l e v e l  (19.5 meters)  exceeded t h e  des ign  va lues  a g r e a t e r  
~ e r c e n t 2 g e  zf t h e  time thm at t h e  h igher  levels. 

The va lue  of t h e  cons tan t  p in  t h e  power l a w  wind p r o f i l e  equat ion  
i s  found t o  be smaller f o r  t h e s e  da t a  than  t h e  one used i n  computing the  
des ign  d a t a ,  A smal le r  va lue  of  p i s  j u s t i f i e d  f o r  use i n  wind p r o f i l e s  
when wind speeds a r e  s i m i l a r  t o  those encountered dur ing  t h i s  per iod .  

Gust f a c t o r s  are computed from September 20, 1961 t o  October 1, 1963. 
The f a c t o r s  show a l a r g e  range of va lues  and a t r end  t o  decrease  wi th  i n -  
c r eas ing  he igh t  and s t e a d y - s t a t e  speed. 

I. INTRODUCTION 

Wind speed p r o f i l e s  have been e s t a b l i s h e d  f o r  Cape Kennedy f o r  t h e  
95, 99, and 99.9 pe rcen t i l e s*  frbm t h e  wind speed frequency d i s t r i b u t i o n  
measured a t  a s i n g l e  he ight .  The wind speed p r o f i l e  w a s  obtained us ing  
t h e  power l aw:  

P 
- - -  :; -[;:I ’ 

* P e r c e n t i l e  i s  used i n  t h i s  r e p o r t  as def ined  i n  Reference 6;  i .e.,  t h e  
v a l u e  of t h e  wind speed below which l i e  k% of t h e  observed wind speeds i s  
c a l l e d  t h e  k t h  p e r c e n t i l e .  



where V i s  the wind speed, Z t he  he igh t ,  p a cons t an t  f o r  a given set  of 
cond i t ions ,  1 r e f e r s  t o  a r e fe rence  h e i g h t ,  and 2 t o  a he igh t  g r e a t e r  
than  t h e  re ference  he ight .  This formula i s  considered v a l i d  from about 
1 meter t o  200 meters above t h e  s u r f a c e ,  The va lue  of p v a r i e s  wi th  the  
wind speed and the temperature d i s t r i b u t i o n  w i t h i n  the  atmospheric l aye r  
concerned. A t  r e l a t i v e l y  high mean wind speeds,  t h e  change i n  tempera- 
t u r e  w i t h  height  i n  t h e  p l ane ta ry  l aye r  approaches a cons tan t  (u sua l ly  
determined by the  dry  a d i a b a t i c  lapse  ra te ) ,  so t h a t  t he  va lue  of p then 
becomes dependent on wind speed only.  The va lue  of p decreases  wi th  
high wind speeds (Ref. 2)  encountered i n  the  95, 99, and 99.9 p e r c e n t i l e  
wind speeds which, i n  t u r n ,  fol lows the  observed small  i nc rease  i n  wind 
speed w i t h  height i n  the  p l ane ta ry  l aye r .  

The surface winds a t  Cape Kennedy reached a recorded speed of approx- 
imate ly  26 m/sec dur ing  the  per iod of September 23 - 25, 1963, a t  96.3 
meters height .  
t o  eva lua te  t h e  r ep resen ta t iveness  of t he  power l a w .  The conclusions 
a r e  n o t  conclusive due t o  poss ib l e  i n t e r f e r e n c e  of t h e  s t r u c t u r e  on t h e  
wind flow. The winds were from t h e  no r theas t  dur ing  t h e  per iod  of obser -  
v a t i o n  which i s  be l ieved  t o  be a good exposure f o r  Launch Complex 34. 

These unusual ly  high su r face  winds a f f o r d  an oppor tuni ty  

This study p resen t s  an a n a l y s i s  of wind d a t a  a s  recorded a t  the  19.5 
I meter (64 f e e t ) ,  58.5 meter (192 f e e t ) ,  and 96.3 meter (316 f e e t )  l e v e l s  

a t  Launch Complex 34 (Figure 1) dur ing  t h e  per iod 16002, September 23, 1963, 
t o  20002, September 25, 1963, and compares t h e  r e s u l t s  wi th  cu r ren t  des ign  
c r i t e r i a .  Heavy r a i n  showers occurred throughout the  per iod .  

M r s .  Margaret B. Alexander compiled much of t he  d a t a  used i n  t h i s  
r e p o r t  and made many h e l p f u l  suggest ions whi le  it w a s  being prepared. 

11. SYNOPTIC SITUATION 

The synoptic p a t t e r n ,  which caused t h e  high winds a t  Cape Kennedy 
dur ing  t h e  period of i n t e r e s t ,  evolved from a cold f r o n t  t h a t  s tagnated  
i n  mid-Florida,  as shown i n  F igures  2 ,  3, and 4. A weak wave developed 
east  of F lo r ida  wi th  an a s soc ia t ed  cen te r  of low p res su re .  The pressure  
g rad ien t  assoc ia ted  wi th  the  cen te r  of low p res su re  gave exceedingly 
h igh  sur face  winds from t h e  no r theas t .  While cold f r o n t s  more f r equen t ly  
s t agna te  f a r t h e r  n o r t h  a t  t h i s  t i m e  of yea r ,  i t  i s  no t  a r a r e  in s t ance  
f o r  them t o  advance t h i s  f a r  south.  Likewise, t h e  c e n t e r  of low pressure  
more f r equen t ly  develops f a r t h e r  wes t ,  bu t  aga in ,  i t  i s  not  too unusual 
t o  have ;I lcw pressure  a r e a  centered east of F lo r ida .  
a t  Cape Kennedy, however, a r e  unusual.  This ,  i n  t u r n ,  i n d i c a t e s  t h a t  
low pressures  of t h i s  type i n  t h e  v i c i n i t y  of Cape Kennedy a r e  normally 
f a r t h e r  e a s t  o r  less  in t ense  than  the  one occurr ing  dur ing  the  per iod of 
i n t e r e s t .  

~ 

Winds of 26 n?/sec 

2 



Wind direction recorded by the anemometers during the period of 
interest, was from the northeast at all levels except the 19.5-meter 
level during the last half of the period. An inspection of the 19.5-meter 
level anemometer after this period indicated the anemometer had rotated, 
s o  that this wind direction was unreliable. It is, therefore, assumed 
that the true wind was from the northeast at all times. 

111. EQUIPMENT 

Wind measuring equipment at Launch Complex 34, Cape Kennedy, consists 
of Bendix-Friez aerovanes located at 19.5 meters, 58.5 meters, and 96.3 
meters (Figure 1) with strip chart recorders. Since wind measurements 
consist of simple readings of the speed from the strip chart, a comment 
on the accuracy of the measurements is in order. 

It is assumed for a steady-state wind that the recorded wind is 
the best estimate of the actual wind obtainable; i.e., the equipment 
responds to the wind speed in accordance to the calibration. Unfortun- 
ately, all equipment has a lag in reaching a steady-state value. The 
lag encountered by a step function input is best described by the time 
constant of the instrument. The Bureau of Standards has determined the 
time constant for the aerovane to be about 0.5 seconds for the speeds 
used in this study. This means that if the equipment is subjected to a 
step function wind input, approximately 63 percent of the correct value 
would be recorded in 0.5 seconds, 87 percent of the correct value in 

Wind gusts do not fulfill the definition of a step function; therefore, 
most errors will be less than those indicated above. The point that is 
apparent, however, is that the amplitude of a short period gust depends, 
to a large extent, on the time constant of the equipment used to measure 
it. 
of less than three seconds, are attenuated a significant amount by the 
equipment used. 
been accepted as exact data for this report. For operational purposes 
the recorded winds are probably sufficiently accurate, although the phi- 
losophy of what is satisfactory accuracy is a study in itself. 

1 S ~ C Q I L ~ ,  2nd 95  nercnni- r-- --**- cf the terrect ---1--* Y -LUG 1.5 J.=LuIIua -----2- , e t c .  

Gusts recorded by the equipment at Cape Kennedy, which have a period 

However, gust speed data recorded at Cape Kennedy have 

The surface wind of interest in vehicle design is that which will 
influence a missile and/or associated facilities significantly and, 
therefore, the wind data should be representative of the wind which 
exerts forces on the complex structure. This is the wind direction and 
speed before it is modified by the launch complex itself, but includes 
all changes in speed and direction caused by other structures. 
structures are necessary to hold the anemometers, the measured wind from 
some directions may not represent the true wind. For a northeast wind 
at Launch Complex 34, the 58.5-meter wind measurement is more likely to 
be influenced by obstructions to the free flow than the other two ele- 
vations. Since this cannot be verified, however, the measured air speeds 

Since 
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have been accepted a s  being c o r r e c t .  This i l l u s t r a t e s  t h e  d e s i r a b i l i t y  
t o  have anemometers loca ted  a t  many loca t ions  on t h e  s e r v i c e  s t r u c t u r e ,  
and t h e  necess i ty  f o r  a c a r e f u l  a n a l y s i s  of t h e  r e s u l t i n g  records  p r i o r  
t o  making dec is ions  on t h e  recorded da ta .  

I V .  DESIGN CRITERIA WINDS 

For veh ic l e  des ign  and launch ope ra t ions ,  high speed su r face  winds 
a r e  of g r e a t  s ign i f i cance .  Vehicles  must res is t  s t r u c t u r a l  damage from 
wind speeds up t o  a c e r t a i n  va lue ,  and t h i s  va lue  should be a maximum 
l i m i t  t h a t  could reasonably be expected a t  t h e  launch pad. It, the re -  
f o r e ,  behooves the  des igner  t o  o b t a i n  some type of a frequency d i s t r i b u -  
t i o n  of high speed winds. The Aero-Astrophysics Of f i ce  (R-AERO-Y), 
Marshal l  Space F l i g h t  Center ,  has provided these  d a t a  based upon t e n  
years  of wind d a t a  taken a t  P a t r i c k  A i r  Force Base and Cape Kennedy. 
These d a t a  have been analyzed t o  produce t h e  des ign  ground wind speed 
va lues  of the 95, 99, and 99.9 p e r c e n t i l e s .  These va lues  (Table I) a r e  
considered appl icable  t o  the  NASA 1aunch.complexes and f a c i l i t i e s  a t  
Cape Kennedy and t h e  Merritt I s l and  Launch Area (Reference 5).  

It i s  considered appropr i a t e  here  t o  emphasize t h a t  va lues  i n  Table 
I were obtained from s t a t i s t i c a l  d a t a ,  and r e f l e c t  t h e  occurrence of 
p a s t  events .  An inc rease  i n  the  extreme wind cond i t ions  i n  t h e  v i c i n i t y  
of Cape Kennedy could w e l l  i nc rease  t h e  frequency of t h e  extreme maximum 
speeds given by t h e  record .  
t hese  va lues  when t h e  c r i t e r i a  were publ ished.  

They were, however, t h e  b e s t  estimates of 

The ex t r apo la t ion  of t h e  d a t a ,  t o  h igher  ( o r  lower) e l e v a t i o n s  from 
the  re ference  l e v e l ,  w a s  made by use of t h e  formula 

2 
i s  t h e  v e l o c i t y  a t  he igh t  Z 

i s  t h e  v e l o c i t y  a t  he ight  Z1 

U 2  

U 1  

z > z  

p i s  a number determined by the  wind speed p r o f i l e .  

2 1 

This formula has been accepted a s  v a l i d  f o r  t h e  range of he igh t s  used i n  
t h i s  s tudy ,  The bes t  o v e r a l l  e s t ima te  .€or p a t  t he  t i m e  t he  des ign  c r i -  
t e r i a  were issued was p = 0.20 (Reference 2) .  A comparison of t h i s  va lue  
f o r  determining the  wind speed p r o f i l e  and t h a t  ob ta ined  from t h e  wind 
p r o f i l e s  from 1600Z, September 23, 1963, t o  22002, September 25, 1963, i s  
one of t h e  purposes of t h i s  study. 



V. GUST FACTORS 

Gust f a c t o r s  are obtained by d iv id ing  t h e  maximum gus t  speed by t h e  
average speed f o r  a given per iod.  The maximum gus t  speed and five-minute 
average speeds have, f o r  t h e  most p a r t ,  been used i n  computing gus t  fac-  
t o r s  and are used i n  t h i s  study. A va lue  of 1.4, t h e  des ign  c r i t e r i a  
g u s t  f a c t o r ,  m u l t i p l i e d  by t h e  maximum one- t o  five-minute average speed 
has ,  i n  gene ra l ,  been used by t h e  Marshall  Space F l i g h t  Center t o  o b t a i n  
maximum gus t  speed. 

V I .  DISCUSSION OF DATA 

Design winds provided f o r  Cape Kennedy by t h e  Marshall  Space F l i g h t  
Center are given i n  Table I. A s  previously s t a t e d ,  t hese  d a t a  w e r e  ob- 
t a i n e d  from t h e  wind speed frequency d i s t r i b u t i o n s  a t  P a t r i c k  A i r  Force 
Base and Cape Kennedy,and ex t rapola ted  t o  o t h e r  he igh t s  us ing  Figures  5 
and 6. 
f a c t o r  of 1.4. 
v a l u e s  f o r  given p e r c e n t i l e s  a t  s p e c i f i c  he igh t s .  

Maximum g u s t  speed i s  t h e  p e r c e n t i l e  wind mul t ip l i ed  by t h e  gus t  
These ex t r apo la t ions  produced t h e  des ign  wind speed 

Table I1 gives  t h e  l eng th  of  t i m e  dur ing  t h e  per iod of s tudy t h a t  
t h e  observed speeds exceeded t h e  95, 99, and 99.9 p e r c e n t i l e  des ign  
va lues .  These t i m e  per iods  include t h e  t i m e  t h a t  t he  s t e a d y - s t a t e  and/ 
o r  g u s t  speeds exceeded t h e  spec i f i ed  des ign  va lues .  Table 111 gives  
t h e  maximum gus t  speed recorded a t  each l e v e l  and t h e  a s soc ia t ed  wind 
speed ar: t he  o tne r  i e v e i s .  

It i s  i n t e r e s t i n g  t o  note  i n  Table I1 t h a t  t h e  wind speed exceeded 
the  95, 99, and 99.9 p e r c e n t i l e  value a t  19.5 meters more t o t a l  t i m e  
than  i t  exceeded t h e s e  va lues  a t  58.5 and 96.3 meters he igh t .  
would i n d i c a t e  t h a t  t h e  va lue  of p = .20 i s  too  l a r g e  i n  t h e  formula 

This 

It i s  a l s o  noted t h a t  t h e  95-percent i le  des ign  wind a t  58.5 m e t e r s  w a s  
exceeded less than  t h a t  a t  96.3 meters.  This i s  indeed surpr i s ing ,  and 
t h e  only  explana t ion  given without proof ,  i s  t h a t  t h e  speed w a s  reduced 
by i n t e r f e r e n c e  of t h e  tower s t r u c t u r e .  

Table I V  g ives  the  mean va lue  of t he  hour ly  five-minute mean wind 
speeds and 95-, 99-, and 99.9-percent i le  va lues  of t h e  winds dur ing  the  
s tudy  per iod.  These a r e  based on a c t u a l  observa t ions  which were 55 i n  
number. With t h i s  small  number of observa t ions  it i s  d i f f i c u l t  t o  a r r i v e  
a t  a t r u e  p r o b a b i l i t y  d i s t r i b u t i o n  of observa t ions ,  p a r t i c u l a r l y  i n  t h e  
extreme va lues  of t h e  99 and 99.9 p e r c e n t i l e s .  These d a t a  are the  va lues  

5 



obta ined  from the  a v a i l a b l e  d a t a  by t ak ing  a l l  p e r c e n t i l e s  between the  
lower bound of the  lowest c l a s s  i n t e r v a l ,  and t h e  h igher  bound of t he  
h ighes t  c l a s s  i n t e r v a l  i n  which speeds were observed. 

Comparing these  d a t a  (Table I V )  wi th  the  95, 99, and 99.9 p e r c e n t i l e  
wind speeds (Table I) ,  the  mean and 50-percent i le  des ign  winds, f o r  t h e  
per iod of i n t e r e s t ,  were g r e a t e r  than  the  95 p e r c e n t i l e  f o r  t h e  des ign  
winds a t  a l l  l e v e l s  and even the  99-percent i le  va lue  a t  t h e  19.5-meter 
l e v e l .  The value of t h e  speeds f o r  t he  95, 99, and 99.9 p e r c e n t i l e s  com- 
puted f o r  the 19.5 meter l e v e l  a l s o  i s  g r e a t e r  than  t h e  des ign  winds. 
This i s  no t  t r u e  a t  t h e  58.5- and 97.5-meter l e v e l s ,  however. 

The value of p i n  Table I V  was computed us ing  t h e  method of l eas t  
squares  t o  f i t  t he  t h r e e  p o i n t s  of t h e  p r o f i l e  t o  t h e  equat ion.  It i s  
indeed unfor tuna te  t h a t  d a t a  are not  a v a i l a b l e  f o r  more he igh t s  i n  the  
computation of p ,  s ince  t h r e e  l e v e l s  are only one over t h e  abso lu te  mini- 
mum t o  determine a va lue  of p. By assuming t h e  speed c o r r e c t  a t  one 
l e v e l ,  and computing the  speed a t  the  o t h e r  two l e v e l s  us ing  the  p r o f i l e  
formula and the  b e s t  f i t  va lue  of p,  i t  can be shown t h a t  t h i s  equat ion  
f o r  computing the  wind p r o f i l e l e a v e s  much t o  be d e s i r e d  f o r  t hese  cases .  

From Table I V  i t  i s  a l s o  obvious t h a t  t he  va lue  of  p = 0.20 i n  the  
wind p r o f i l e  equat ion ,  a s  used i n  re ference  5 t o  e x t r a p o l a t e  from t h e  
r e fe rence  l eve l  c l ima to log ica l  d a t a ,  i s  too  l a r g e  f o r  t he  per iod i n  
which we a r e  concerned. This does not  preclude t h e  va lue  of 0.20 being 
the  b e s t  s i n g l e  va lue  f o r  a l l  cases .  The va lue  of t he  p ' s  g iven i n  Table 
I V  a l s o  ind ica t e s  t h a t  p probably inc reases  wi th  decreas ing  wind speed, 
but t he  small number of observa t ions  does not  make i t  conclusive f o r  a l l  
cases .  This f e a t u r e  of p i s  noted i n  r e fe rences  2 and 5. 

Gust f ac to r s  have been computed f o r  five-minute average wind speeds 
taken on the  hour from 14002, September 20, 1963, t o  15002, October 1, 
1963, (Table V) .  These va lues  are p l o t t e d  on Figures  7 ,  8, and 9. Data 
f o r  t he  f igu res  involved were taken f o r  a per iod g r e a t e r  than  the  high 
wind s tudy  to  i l l u s t r a t e  t h e  v a r i a t i o n  of t he  gus t  f a c t o r  wi th  speed and 
he igh t .  It i s  ev ident  from these  f i g u r e s  t h a t  t h e  v a r i a t i o n  of the  gus t  
f a c t o r  decreases  wi th  he igh t ,  and i n  t h e  lower l e v e l s  wi th  speed. 

Mean gust f a c t o r s  and va r i ances  were computed f o r  t h e  19.5-, 58.5-, 
and 96.3-meter l e v e l s  f o r  two groups of d a t a  s t r a t i f i e d  by wind speeds 
encountered a t  the  19.5-meter l e v e l .  C o r r e l a t i o n  c o e f f i c i e n t s  of t h e  
gus t  f a c t o r s  were computed between 19.5 and 58.5 meters and 58.5 and 
96.3 meters  f o r  t hese  s t r a t i f i e d  da t a .  % mean gus t  f a c t o r  and i t s  
va r i ance  (Table V) f o r  t hese  two groups of d a t a  decrease  wi th  he ight .  
The c o r r e l a t i o n  c o e f f i c i e n t s  of t he  gus t  f a c t o r s  between the  l e v e l s  in -  
d i ca t ed  are s m a l l  enough t h a t  t h e  a c t u a l  c o r r e l a t i o n  i s  considered pure- 
l y  co inc iden ta l .  This ,  i n  t u r n ,  i n d i c a t e s  t h a t  i f  w e  are t o  c o r r e l a t e  
wind speed a t  one l e v e l  w i th  t h a t  of another  we must use  an average speed 



r a t h e r  than  an ins tan taneous  speed. This i s  t h e  equ iva len t  of saying 
t h a t  p w i l l  n o t  express  a t r u e  ins tan taneous  p r o f i l e  w i th  these  d a t a  when 
g u s t s  are p resen t ,  s ince  these  gus t s  a r e  no t  t r ansmi t t ed  t o  t h e  o the r  
l e v e l s .  me des ign  wind p r o f i l e s  cons t ruc ted  from p e r c e n t i l e  va lues ,  as 
given i n  Reference 5 ,  should not  be i n t e r p r e t e d  a s  r e p r e s e n t a t i v e  of any 
p a r t i c u l a r  ins tan taneous  wind p r o f i l e ,  bu t  are r e p r e s e n t a t i v e  of  t h e  wind 
speeds f o r  t h e  given p e r c e n t i l e s .  It i s  a l s o  obvious t h a t  t h e r e  must be 
a l i m i t i n g  d i s t a n c e  through which gus t  speeds are t r a n s f e r r e d ,  s i n c e  t h e  
gus t  must r ep resen t  a v e l o c i t y  of  a f i n i t e  mass of a i r .  
d i s t a n c e  through which g u s t s  are t r ansmi t t ed ,  however, i s  smaller than  
t h e  s e p a r a t i o n  of t h e  anemometers used i n  t h i s  wind s tudy.  

The phys ica l  

V I I .  CONCLUSIONS 

A l l  f ive-minute mean wind speeds der ived  f o r  t he  per iod  16002, Sep- 
tember 23, 1963, t o  22002, September 25, 1963, exceed t h e  ten-year  median 
of  4.8 m / s e c  a t  19.5m, 6.0 m / s e c  a t  58.5m, and 6.6 m/sec a t  96.3m. The 
small  du ra t ion  of  t hese  wind speeds (54 hour s ) ,  compared t o  t e n  years  o r  
more of c l ima to log ica l  d a t a ,  i n d i c a t e s  t h a t  t h e  va lue  f o r  t h e  des ign  wind 
speeds given i n  Table I would not  be changed s i g n i f i c a n t l y  i f  a t  a l l .  

Wind speed p r o f i l e s  f o r  winds over 10 m/sec a t  t he  19.5-meter level 
i n d i c a t e  t h a t  t h e  va lue  of p i n  the  wind p r o f i l e  equat ion  should be less 
than  0.20. A decrease  i n  p inc reases  the  wind speed a t  the  19.5-meter 
h e i g h t ,  and decreases  the  va lues  a t  t he  h igher  l e v e l s .  

A s i n g l e  va lue  gus t  f a c t o r  of  1 .4 ,  a s  used i n  the des ign  values ,  g ives  
l i t t l e  information as t o  the  expected gus t  speed f o r  any s p e c i f i e d  per iod .  
More information could be extended t o  us ing  agencies  by express ing  t h e  
gus t  f a c t o r  as a p r o b a b i l i t y  func t ion ,  a l though such an  express ion  would 
be more complicated.  It i s  aga in  pointed out  t h a t  g u s t  f a c t o r s  measured 
wi th  more responsive equipment may be  l a r g e r  t han  those measured wi th  t h e  
Friez-Aerovane and s t r i p  c h a r t  recorders ;  s i m i l a r l y ,  less responsive 
equipment w i  11 have smaller gus t  f a c t o r s .  

A f i n a l  conclusion,  w e l l  i l l u s t r a t e d  by t h i s  s tudy  but  seldom men- 
t i oned  i n  meteorology, i s  the  a p p l i c a t i o n  o f  cond i t iona l  p r o b a b i l i t y  of 
occurrence of an event  r a t h e r  t han  independent p r o b a b i l i t y .  For example, 
i f  t he  wind speed i s  10 m/sec now, t h e  p r o b a b i l i t y  t h a t  i t  w i l l  have a 
speed of a t  least  10 m/sec the  next  hour i s  no t  t he  same a s  i f  a calm 
e x i s t e d  a t  t he  p re sen t  t i m e .  These cond i t iona l  p r o b a b i l i t i e s  are being 
i n v e s t i g a t e d .  

During t h i s  per iod of s tudy,  which covered 54 hours (55 hourly ob- 
s e r v a t i o n s ) ,  a l l  observa t ions  were higher  than the  median wind speed f o r  
t e n  years .  The p r o b a b i l i t y  f o r  55 independent consecut ive observa t ions  
being higher  than  t h e  median i s  1 i n  3.603 x Atmospheric d a t a  
frequency d i s t r i b u t i o n s ,  however, include s e v e r a l  extended per iods  



of abnormal weather condi t ions  and consecut ive observa t ions  cannot  be 
considered independent of each o t h e r .  The occurrence of winds f o r  a 
per iod  of 54 hours wi th  a speed as h igh  as those  encountered i n  t h i s  
s tudy  i s  indeed a rare event .  
i t  exceeded c e r t a i n  c l ima to log ica l  design d a t a .  
however, as would be ind ica t ed  by t h e  p r o b a b i l i t i e s  f o r  each observa t ion ,  
which are app l i cab le  t o  independent observa t ions .  

This  i s  shown by t h e  l eng th  of time t h a t  
It is  n o t  as rare, 
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FIGURE 1. LAUNCH COMPLEX 34 
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FIGURE 5. DESIGN GROUND WIND PROFILE QUASI-STEADY STATE 
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e FIGURE 6 .  DESIGN GROUND WIND P R O F I L E  MAXIMUM GUST OR PEAK WIND SPEED 
ASSOCIATED WITH PERCENTILE STEADY STATE VS HEIGHT - 
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TABLE I 

HEIGHT 

m ft. 

3.0 
19.5 
58.5 
96.3 

3.0 
19.5 
58.5 
96.3 

3.0 
19.5 
58.5 
96.3 

10 
64 

19 2 
316 

10 
64 

19 2 
316 

10 
64 

19 2 
316 

DESIGN WINDS PROVIDED 
BY 

MARSHALL SPACE F L I G H T  CENTER 
FOR USE AT CAPE KENNEDY 

QUAS I - S TEADY S TATE 
WIND SPEED GUST OR PEAK WIND 

meters per second meters per second 

95 PERCENTILE WIND VALUES 

7.2 
10.4 
13.0 
14.4 

99 PERCENTILE WIND VALUES 

9.5 
13.7 
17.1 
18.9 

99.9 PERCENTILE WIND VALUES 

11.8 
17 .O 
21.3 
23.7 

10.1 
14.6 
18.2 
20.2 

13.3 
19.2 
23.9 
26.5 

16.6 
24.0 
29.9 
33.1 
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TABLE 111. 

MAXIMUM GUST SPEEDS.FOR EACH MEASURED LEVEL - 16002  SEPTEMBER 2 3 ,  1 9 6 3  
t o  22002 SEPTEMBER 2 5 ,  1963  AT CAPE KENNEDY, LAUNCH COMPLEX 3 4  

HEIGHT 
m f t  . 

1 9 . 5  6 4  
5 8 . 5  19 2 
9 6 . 3  316 

1 9 . 5  6 4  
5 8 . 5  19 2 
9 6 . 3  316 

19 .5  6 4  
5 8 . 5  19 2 
9 6 . 3  316 

1 9 . 5  6 4  
5 8 . 5  19 2 
9 6 . 3  3 16 

1 9 . 5  6 4  
5 8 . 5  19 2 
9 6 . 3  316 

DATE 

91  2516 3 
9 / 2 5 / 6 3  
9 / 2 5 / 6 3  

9 /  2 3 / 6 3  
9 / 2 3 / 6 3  
9 / 2 3 / 6 3  

9 / 2 4 / 6 3  
9 / 2 4 / 6 3  
9 /  2 4 / 6 3  

9 / 2 5 / 6 3  
9 /  2 5 / 6 3  
9 / 2 5 / 6 3  

9 / 2 5 / 6 3  
9 / 2 5 / 6 3  
s i  2 5 / 6 3  

TIME 
2 

0427 
0427 
0427 

2 249 
2249 
2 249 

2 145 
2145 
2 145 

2145 
2145 
2145 

0519 
0519 
0519 

- 

MAXIMUM 
GUST SPEED 

(m/ set) 

2 4 . 4  
2 0 . 3  
24.7 

2 0 . 1  
23 .9  
22 .9  

21.9 
23 .9  
25 .O 

22 .6  
23.9 
2 3 . 1  

2 3 . 5  
2 1 . 3  
2 6 . 2  

COMMENTS 

M a x i m u m  g u s t  speed  
a t  1 9 . 5  m e t e r s  

M a x i m u m  gus t  speed 
a t  58.5 m e t e r s  

M a x i m u m  gus t  speed 
a t  5 8 . 5  m e t e r s  

M a x i m u m  gus t  speed 
a t  5 8 . 5  m e t e r s  

M a x i m u m  g u s t  speed 
a t  9 6 . 3  m e t e r s  
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TABLE I V .  

MEAN SPEED AND PERCENTILE DISTRIBUTION FOR 5-MINUTE AVERAGE WIND SPEEDS 
ON THE HOUR A T  CAPE KENNEDY FROM 16002 SEPTEMBER 23, 1963 TO 22002 
SEPTEMBER 25, 1963 ( 5 5  OBSERVATIONS) 

HEIGHT MEAN SPEED PERCENTILE 
m ft .  (m/sec) * 50* 95 99 99.9 

19.5 64 13.91 14.51 17.56 17.99 18.12 

58.5 19 2 14.86 15.46 17.94 18.51 18.63 

96.3 3 16 16.91 17.54 20.13 20.82 20.95 

* M E A N  SPEED AND 50th PERCENTILE VALUES ARE DIFFERENT S I N C E  THE 
DISTRIBUTION I S  MOT A NORMAL DISTRIBUTION.  

VALUE OF p FROM ABOVE DATA USING LEAST SQUARES TECHNIQUE TO OBTAIN B E S T  

F I T  TO THE EQUATION 

MEAN PERCENTILE 
SPEED 50 95 99 99.9 

. lo7  . l o4  .072 .078 .077 

2 1  



TABLE V. 

GUST FACTORS FOR 5-MINUTE AVERAGE SPEED TAKEN ON THE HOUR FROM 16002 
SEPTEMBER 23, 1963 t o  22002 SEPTEMBER 25, 1963 

AVERAGE GUST FACTOR AND VARIANCE WHEN 1 9 . 5  

HEIGHT MAXIMLJM 12.99 - 15.56 m/sec 15.56 - 18.13  m/sec 
meters GUST FACTOR Gust F a c t o r  Variance Gust F a c t o r  Variance 

METER WINDS ARE 

19 .5  1 . 4 1  1.299 .00407 1.279 .00274 

58 .5  1 . 3 1  1.166 .00213 1.194 .00247 

9 6 . 3  1.26 1 , 1 5 3  .00209 1.165 .00114 

MAXIMLJM GUST CORRELATION COEFFICIENT FOR 5-MINUTE AVERAGE SPEEDS 

19 .5  METER WIND SPEED 1 9 . 5  METER W I N D  SPEEDS 
HEIGHTS CORRELATED 12.99 - 15.56 m/sec 15.56 - 18.13  m/sec 

1 9 . 5  and 58.5 meters  +. 248 -.065 

1 9 . 5  and 9 6 . 3  meters  +. 350 +. 243 
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